We describe the development and application of a novel method to visualize the retina within a 3-D, stereoscopic, immersive, virtual reality environment (CAVE). This allows users to collaboratively view, manipulate, interact with (by intuitively changing head/body position and viewing angles), and analyze volumetric and slice based high-resolution SD-OCT in 3-D space, appreciating retinal morphology with full depth perception (Figure) . Methods: We developed a method to interpret raw data from SD-OCT for visualization within the CAVE. Retinal images of AMD, CSR, RD, and VMT were rendered. Using a custom extension to Avizo software, raw data from SD-OCT, including B-scans, IR images, RPE, ILM and NFL surfaces, were read into scalar fields. These were analyzed and visualized with volumetric tools including registration, filtering and segmentation, geometric and volumetric quantification and skeletonization. Results: High-resolution, 3-D representations of SD-OCT images of AMD, CSR, RD, and VMT were successfully reconstructed in the CAVE. This allowed 3-D viewing of the retina with the ability to isolate and subtract specific vitreoretinal interfaces and retinal/choroidal structures. This, coupled with the ability to immersively interact with the images (Figure) , provided a novel modality to view and understand retinal pathology.
Purpose:To evaluate the relationship between age and regional macular sensitivity values in normal subjects by scanning laser ophthalmoscopy microperimetry (SLO-MP). Methods:We prospectively enrolled 147 normal subjects (147 eyes), mean age 44.4±14.7 years (range 21-85 years). After a complete ophthalmological examination, all patients underwent microperimetry testing using a SLO-MP device (Spectral OCT/SLO, OPKO-OTI, Miami, FL). The "Polar 3" scan was used and the macular area was divided into 3 concentric circles (inner, middle and outer regions). Test parameters were Goldman III size stimulus, 200ms stimulus duration, stimulus interval of 1.5 sec and 4-2 threshold strategy. SLO-MP thresholds in each macular region were compared among age groups using analysis of variance (group 1, 21 -39 yrs; group 2, 40 -59 yrs; group 3, ≥60 yrs). The correlation between age and SLO-MP threshold values was analyzed using regression analysis. Results:The SLO-MP thresholds for all macular regions were significantly reduced in Group 3 compared to the other groups (p<0.05). Macular sensitivity thresholds significantly decreased with increasing age in all macular regions, with a steeper slope after 60 years of age (r2≥0.04, p≤0.01). Although a faster slope was found for the inner macula (-0.03dB/year) compared to the middle (-0.02dB/year) and outer macular regions (-0.02dB/year), this difference was not statistically significant based on 95% confidence intervals (-0.09 -0.03 dB/year, -0.06 -0.02 dB/year, -0.06 -0.02 dB/ year, respectively).
Conclusions:Our data suggest that macular sensitivity thresholds, as assessed by SLO-MP, decrease with age. This reduction seems to be homogenous for all macular eccentricities and more pronounced after 60 years of age. These facts should be considered when assessing eyes over time. 
-A598 Static and Dynamic Retinal Fixation Stability in Microperimetry
E. Convento 1,2 , S. Vujosevic 2,3 , E. Pilotto 1 , G. Bonin 1 , I. Fregona 1 , A. Ghirlando 1 , E. Midena 2, 3 . 1 Department of Ophthalmology, University of Padova, Padova, Italy; 2 The International Microperimetry Reading Centre, Padova, Italy; 3 G.B. Bietti Eye Foundation, IRCCS, Roma, Italy.
Purpose: To evaluate retinal fixation stability, obtained by microperimetry, both in static and dynamic patterns, in normal and pathologic eyes. Methods: One hundred and thirty-one pathologic eyes (38 diabetic retinopathy, 35 age-related macular degeneration (AMD), 37 glaucoma and 21 vitreo-retinal interface disorders) and 152 aged-matched normal eyes were included in this study. Retinal fixation characteristic (stability) was studied during a pure fixation task (static fixation; 60 seconds) and during a differential light threshold quantification (dynamic fixation) by MP-1 microperimeter (Nidek, Gamagori, Japan). Fixation stability was quantified with both the automatic clinical score (central 2° and central 4°) and the automatic calculation of the bivariate contour ellipse area results (BCEA). Results: Using MP1 automatic clinical score of fixation stability in both static and dynamic condition, pathologic group was statistically different to normal group (p<0.0001). There was not significant difference between static and dynamic retinal fixation in normal group whereas in pathologic group the difference between static and dynamic retinal fixation was statistically significant (p<0.0001). Analyzing BCEA the difference between pathologic and control groups was statistically significant both in static and in dynamic retinal fixation (p<0.001). The difference between static and dynamic fixation is statistically significant both in normal and in pathologic eyes (p<0.0001). Fixation stability is related with both techniques, to the etiology of macular disorders (static, p<0.0001; dynamic, p<0.001). Conclusions: Fixation stability may be characterized, using microperimetry, by static and dynamic patterns. BCEA can be useful for monitoring minimal quantitative changes of the fixation area, related to the standard clinical score. Fixation stability remains the most important clinical parameter of retinal fixation in macular disorders. CR: E. Convento, None; S. Vujosevic, None; E. Pilotto, None; G. Bonin, None; I. Fregona, None; A. Ghirlando, None; E. Midena, None. Support: None
-A597 Properties of Flash-Evoked Retinal Activity Revealed by Functional Optical Coherence Tomography (fOCT) in the Macaque Retina
W. Suzuki 1,2 , G. Hanazono 1,2 , T. Nanjo 3 , K. Ito 3 , J. Nishiyama 3 , M. Tanifuji 1 , K. Tsunoda 2,1 . 1 Lab. for Integrative Neural Systems, RIKEN, Wako-shi, Japan; 2 Lab. of Visual Physiology, National Institute of Sensory Organs, Tokyo, Japan; 3 Nidek Co., LTD, Aichi, Japan.
Purpose: OCT can detect flash-evoked light scattering changes following neuronal activation in the neural tissues. This is called functional OCT (fOCT) technique. The basic properties of the fOCT signals, however, have not been well investigated. We have measured fOCT signals with both diffuse and focal stimuli from macaque retina to precisely investigate their properties and possible sources. Methods: We have developed a fOCT system based on spectral domain OCT (SLD, 840 nm; band width 50 nm; Galvano Scanning mirror, 30 Hz). The intrinsic signals (Tsunoda et al, IOVS 2004 , Hanazono et al, IOVS 2007 were measured by the same system with IR light (870 nm) through the same optical pathway. Following darkadaptation, the posterior retina was stimulated by (1) diffuse flashes (duration; 1ms) with different intensities or (2) focal flashes. The evoked signals were calculated by dividing the images obtained after the stimulus by those obtained during the prestimulus period pixel by pixel after spatial alignment of the images. Results: With diffuse flash stimulation, increases in the OCT signals were observed in the outer segment of photoreceptor layer (OS). The magnitude of the fOCT signals increased (> 40 % for the strongest stimulation at fovea) with flash intensities. In the inner segment and outer segment (IS/OS) junction, fOCT signals were also observed, but with opposite polarity to those in the OS. fOCT signals were not observed either in the RPE or choroid. With focal stimulation, increases of OCT signals were observed both in the OS of the stimulated region and in the ganglion cell layer of the nonstimulated region. The polarities of the fOCT signals were not different in stimulated and non-stimulated regions, not like in the case of the intrinsic signal imaging. Conclusions: The fOCT signals reflect the stimulus-evoked neural activities both in the outer and inner retinas. However, their polarities of the signals are not same as those in the intrinsic signal imaging, indicating that fOCT signals may be generated by the different mechanisms from those of the intrinsic signal imaging. CR: W. Suzuki, None; G. Hanazono, None; T. Nanjo, Nidek Co., LTD, E; K. Ito, Nidek Co., LTD, E; J. Nishiyama, Nidek Co., LTD, E; M. Tanifuji, None; K. Tsunoda, None. Support: SENTAN, JST Purpose: To assess the relationship between visual acuity (VA) and outer retinal morphology evaluated from spectral domain optical coherence tomography (SDOCT) images in various retinal diseases. Methods: A series of 73 patients (136 eyes) requiring SDOCT for standard of care assessment of retinal disease were recruited for this study. All subjects were scanned using the Topcon 3D OCT-1000 with the cube scan protocol (6 x 6 mm area; 128 B-scans;512 A scans / B scan) The evaluation was limited to the 20 B scans passing through the central subfield (CSF). It included integrity of the external limiting membrane (ELM) and photoreceptor inner segment-outer segment (IS-OS) junction. Every scan was evaluated by two examiners. Using a 3 step scale the ELM and the IS-OS junction in the CSF were graded as absent, abnormal and normal. VA was measured on a Snellen chart with the patient's habitual refraction and converted to logarithm of minimal angle of resolution (logMAR) units for statistical analysis. Results: All scans obtained were of gradable quality for outer retinal integrity. The percentage agreement and kappa statistics was 69 % (0.53) for grading of the ELM, and 72 % (0.54) for IS-OS. The mean logMAR VA was 0.8 (n=39) for eyes with absent ELM, 0.3 (n=33) for abnormal ELM and 0.2 (n=61) for normal ELM (p value<0.001). For IS-OS status, the mean logMAR VA was 0.9 (n=30) for absent IS-OS, 0.4 (n=38) for abnormal IS-OS and 0.2 (n=65) for normal IS-OS (p value <0.001). The trend in distribution of VA along the 3 step scale of ELM and IS-OS remained in most disease categories although the numbers were small. Conclusions: A statistically significant association between ELM, IS-OS integrity and VA suggests that outer retinal morphology evaluation by SDOCT may provide useful variables for clinical research and care. CR: A.D. Kulkarni, None; A. Domalpally, None; Q. Peng, None; R.P. Danis, Topcon Medical Systems, USA, Inc, F. Support: Topocon Medical Systems, and Research to Prevent Blindness
-A603 Structure-Function Correlation of the Human Central Retina
Purpose: Persistent macular edema often leads to visual loss in uveitis and ocular inflammatory diseases. We investigate the effects of uveitic macular edema (UME) on macular functional parameters quantified with an automatic microperimetry and correlated with retinal thickness. Methods: 20 eyes of 14 patients with UME were evaluated with spectral optical coherence tomography / scanning laser ophthalmoscope (Spectral OCT/SLO TM , OPKO/ OTI, Toronto, Canada) by the same operator. Spectral OCT was used to characterize the type of macular edema. Microperimetry together with retinal thickness map were used to quantify fixation pattern (location and stability), macular sensitivity, and corresponding retinal thickness at 28 test points. Multiple linear regression model with generalized estimation equation was used to evaluate relationship between macular sensitivity and thickness, duration, and type of UME. Results: Of 14 patients, the mean age was 52.8±18.8 years, range 23-86 years. Associated uveitic diseases include: intermediate uveitis (8 eyes), idiopathic posterior uveitis (5), sarcoidosis-associated panuveitis (2) , multifocal choroiditis (2), birdshot chorioretinopathy (2) , and Lyme disease-associated posterior uveitis (1). The mean duration of UME was 8.1±4.2 months, range 3-18 months. Spectral OCT revealed 7 eyes (35%) with cystoid macular edema (CME) and 13 eyes (65%) with diffuse macular edema. Fixation pattern revealed that 17 eyes (85%) with central (more than 50% of fixation points within 0.5mm from fovea center); 2 eyes (10%) pericentral ( 25% -50% within 0.5mm ); and 1 eye (5%) eccentric (less than 25% within 0.5mm ). All 3 eyes with eccentric or pericentral fixation had CME. Fixation stability revealed that 18 eyes (90%) had stable fixation (more than 75% of fixation points within central 2° area); 2 eyes (10%) relatively unstable fixation (less than 75% within 2°, but more than 75% within central 4° area); no eye had unstable fixation (less than 75% of fixation points within central 4°area). Both eyes with relatively unstable fixation had CME. The macular sensitivity was significantly related to the duration of UME (P=0.0001), but not to the retinal thickness (P=0.141) or the type of UME (P=0.659). Conclusions: Microperimetry quantification of macular sensitivity and fixation patterns may offer novel information regarding the impact of visual impairment on eyes with UME. Further and larger systematic evaluations are indicated to enhance the functional assessment of UME. CR: J. Wang, None; E. Hatef Naimi, None; R. Channa, None; M. Ibrahim, None; P. Turkcuoglu, None; Z. Rentiya, None; A. Khwaja, None; D.V. Do, None; Q.D. Nguyen, OPKO/OTI (research funding), F. Support: None 
-A601 Association Between Structural Parameters and Visual Function in Different Stages of Glaucoma

Purpose:
To determine the association between visual function, as measured by Humphrey visual field (HVF), and structural parameters of lamina cribrosa (LC), peripapillary retinal nerve fiber layer (pRNFL) and ganglion cell complex (GCC) thickness, as measured by optical coherence tomography (OCT) at different stages of glaucoma. Methods: Forty one eyes of 24 glaucoma patients were classified as pre-perimetric (glaucomatous optic neuropathy with normal HVF), early with mean deviation (MD) > -6 dB and advanced with MD < -6 dB. The RTVue spectral domain OCT commercial software was used to measure GCC (RNFL + ganglion cell + inner plexiform layers) and pRNFL thickness. LC thickness was measured by 3 masked observers from 3D optic nerve OCT scan images. Significance of differences in structural parameters among groups was established using analysis of variance. Linear regression analysis determined the association between structural parameters and visual function. Results: LC thickness measurements in pre-perimetric, early, and advanced glaucoma were 262 + 29, 193 + 27 and 107 + 16 microns, respectively. pRNFL thickness measurements in pre-perimetric, early, and advanced glaucoma were 98 + 14, 77 + 11 and 70 + 6 microns, respectively. GCC thickness measurements in pre-perimetric, early and advanced glaucoma were 90 + 10, 73 + 9 and 71 + 8 microns, respectively. There was a statistically significant difference in LC, pRNFL and GCC thickness among patients with pre-perimetric (MD = 0.66 + 0.8 dB; N=13), early (MD = -2.9 + 1.6 dB; N=14) and advanced (MD = -12.1 + 7.0 dB; N=14) glaucoma (p < 0.001). In the pre-perimetric group, pRNFL and GCC thickness significantly correlated with MD (r=0.75, p=0.003 and r=0.84, p=0.0003, respectively). In the early group, LC and pRNFL thickness significantly correlated with MD (r=0.86, p<0.001 and r=0.75, p=0.002, respectively). In the advanced group, only LC thickness significantly correlated with MD (r=0.67, p=0.008).
Conclusions:
An overall association between visual function and structural parameters of LC, pRNFL, and GCC thickness was found. The results suggest that LC thickness may be a better parameter for monitoring patients with advanced stage glaucoma. Purpose: Retinal imaging does not necessarily provide a complete picture of expected vision loss for macular disease. We use a psychophysics test coupled with computational modeling to relate pathologies, found via fundus imaging, to expected perceptual function for a group of AMD patients. Methods: We recruited 10 low-vision patients with mild yet progressive AMD, as well as 10 age-matched healthy controls at the Edward Harkness Eye Institute, Columbia Presbyterian Medical Center. Both patients and controls, whose ages ranged from 65 to 84, were corrected to 20/20 to 20/50 visual acuity. All the subjects participated in a 2-AFC perceptual task, in monocular mode, where they were required to discriminate face and car images in the presence of variable noise. Color fundus photographs were collected using a Zeiss FF 450 Plus camera. Fundus images were segmented using a robust and automated algorithm to quantify disease-specific pathologies on the retina. We mapped each patient's retinal pathology to cortical activity and neurometric curves using a computational model of V1 and a decoding framework. We compared the psychometric curves between controls and patients, and investigated the quality of the neurometric predictions. We further analyzed the correlation between the neurometric curves with statistics of drusen in the masks. Results: AMD patients had substantially lower discrimination accuracies compared to controls. Moreover, the degradation in the discrimination accuracy of AMD patients was much more pronounced at higher signal-to-noise (SNR) levels of the stimulus. We observed a positive correlation (r = 0.67) between the fraction of drusen free area on the mask with the predicted perceptual discrimination at the highest SNR level for the stimulus.
Conclusions: The psychophysics and modeling framework we developed provides a quantitative assessment for the perceptual consequences of AMD and can potentially serve as a method for relating clinical findings in retinal imaging to perceptual function.
CR: J. Shi, inventor on a patent application, P; J. Wielaard, inventor on a patent application, P; R. Smith, inventor on a patent application, P; P. Sajda, inventor on a patent application, P. Support: NEI R01 EY015520, NGA NURI Grant HM1582-07-1-2002 and New York Community Trust Purpose: To relate structural change to functional change in age-related macular degeneration (AMD) in a cross-sectional population using fundus imaging and the visual field status. Methods: 10 degree standard and SWAP visual fields and other standard functional clinical measures were acquired in 44 eyes of 27 patients at various stages of AMD, as well as fundus photographs. Retro-mode SLO images were captured in a subset of 29 eyes of 19 of the patients. Drusen area, measured by automated drusen segmentation software (Smith et al. 2005) was correlated with visual field data. Visual field defect position was compared to the position of the imaged drusen and deposits using custom software. Results: The effect of AMD stage on drusen area within the 6000µm was significant (One-way ANOVA: F = 17.231, p < 0.001), however the trend was not strong across all stages. There were significant linear relationships between visual field parameters and drusen area. The mean deviation (MD) declined by 3.00dB and 3.92dB for each log % drusen area for standard perimetry and SWAP, respectively. The visual field parameters of focal loss displayed the strongest correlations with drusen area. The number of pattern deviation (PD) defects increased by 9.30 and 9.68 defects per log % drusen area for standard perimetry and SWAP, respectively. Weaker correlations were found between drusen area and visual acuity, contrast sensitivity, colour vision and reading speed. 72.6% of standard PD defects and 65.2% of SWAP PD defects coincided with retinal signs of AMD on fundus photography. 67.5% of standard PD defects and 69.7% of SWAP PD defects coincided with deposits on retro-mode images. Conclusions: Perimetry exhibited a stronger relationship with drusen area than other measures of visual function. The structure-function relationship between visual field parameters and drusen area was linear. Overall the indices of focal loss had a stronger correlation with drusen area in SWAP than in standard perimetry. Visual field defects had a high coincidence proportion with retinal manifestations of AMD. 
-A606 Relationships Between Fundus Image Quantification and Visual Field Status in
Support: None
Purpose: Cystoid macular edema (CME) represents a common pathological appearance of the retina in various ocular diseases. Currently Spectral Domain Optical Coherence Tomography (SD-OCT) allows measurement of central foveal thickness and total macular volume. We describe a novel automated method for measuring intraretinal cysts and tissue and total volume of the macula, allowing correlation between these parameters and other clinical parameters in patients with CME. Methods: Implementing image analysis algorithms, we have developed software ("Cystometer") that can automatically delineate retinal tissue and intraretinal cystic borders and compute macular tissue volume and cystic volume. These volumes were determined by examining OCT movies (Audio Video Interleave files, each representing 128 SD-OCT B Scans of 1 examination). We correlated these values with logMar visual acuity (VA) in patients with CME secondary to diabtetic retinopathy (DR) , branch retinal vein occlusion (BVO) and pseudophakia (PK). Generalized Estimating Equation regression, which accounts for correlated data, was used for statistical analysis. Results: Analysis of 113 movies representing 16 eyes of 13 patients with CME showed the software to be reliable in delineating retinal tissue borders compared to the lines delineated by Cirrus SD-OCT (Carl Zeiss Meditec, Dublin, CA) software. We found an inverse correlation between increasing tissue volume and cystic volume with VA (p=0.004, p=0.003 respectively). In CME related to BVO the cystic volume had less effect on visual acuity than in diabetic and pseudophakic CME (p=0.094).
Conclusions: Analysis of OCT images using this software can provide reliable quantitative information that can be useful in the follow-up of patients with CME and allows correlation with VA. Increasing cystic and tissue volumes have a deleterious effect on visual acuity, the former to a lesser extent in BVO than in DM and PK CME. Purpose: Cystoid macular edema (CME) is a common complication of uveitis, resulting in significant vision loss. Vision typically recovers with the resolution of CME. However, a subset of patients experience permanent decrease of central vision despite resolution of CME and absence of pathology in other ocular structures. Using spectral-domain optical coherence tomography (OCT) imaging technology, we attempted to identify retinal features that may be associated with the vision loss. Methods: This is a case-control retrospective comparative series. We reviewed medical records of patients with uveitic CME and identified two groups of patients: 1) Study group consisted of patients who failed to regain pre-CME BCVA following resolution of CME, and the vision loss could not be accounted for by other ocular pathologies; 2) Control group consisted of patients who regained their pre-CME BCVA following resolution of CME. Once all patients were identified, we reviewed the OCT scans obtained from the RTVue (Optovue Inc, Fremont, CA) of each patient. Patients were excluded if macular cystic space, epiretinal membrane, or distorted macular anatomy was noted. Two variables were then assessed in the qualified subjects: 1) Photoreceptor inner/outer segment (IS/OS) junction, hypothesized to be represented by the highly reflective band immediately inner to the retinal pigment epithelium, is graded as intact, partially intact, or absent by two observers who are masked to the patient grouping.
CR
2) Foveal thickness, as calculated by the software program included with the RTVue. Pre-and post-CME BCVA were also recorded. Results: There were 7 subjects (8 eyes) in Study and 8 subjects (8 eyes) in Control. The mean pre-CME BCVA were 20/25 in Study and 20/20 in Control. The mean post-CME BCVA were 20/75 in Study and 20/20 in Control. The mean foveal thickness were 170.3µm in Study and 232.6µm in Control, with a difference of 62.4µm (p<0.001). IS/ OS junction was graded as intact in 2, partially intact in 4, and absent in 2 of the Study eyes, while it was graded as intact in all 8 Control eyes. All Study eyes had a foveal thickness of less than 180µm, a non-intact IS/OS junction, or a combination of both. Conclusions: This preliminary study suggests that reduced foveal thickness and disrupted photoreceptor IS/OS junction as seen on spectral-domain OCT may be associated with permanent vision loss following CME resolution in uveitic patients. Purpose: To investigate relationship between macular sensitivity and retinal thickness in diabetic macular edema (DME) quantified with an automatic fundus perimetry/ tomography system [Scanning laser ophthalmoscope/ Spectral domain optical coherence tomography (SLO/OCT TM ), OPKO/OTI, Toronto, Canada]. Methods: Fourteen eyes of 9 patients (mean age = 69 years; range 35 -88 years) with DME (4 eyes with less than 1 year, 9 between 1-5 years, and 1 with more than 5 years in duration) were evaluated with SLO/OCT™ device by same operator. Macular perimetry (fundus-related perimetry together with retinal thickness map) was used to quantify macular sensitivity, fixation pattern (location and stability), and relationship between macular sensitivity and thickness. Multiple linear regression model with generalized estimation equation (GEE) was used to evaluate relationship between macular sensitivity and thickness. GEE model counted for correlation within repeated measures of thickness and sensitivity for same macular area. Results: Fixation pattern revealed that 9 eyes (64.29%) had central (greater than 50% of fixation point within 0.5mm of foveal center); 3(21.43%) peri-central (between 25% -50% within 0.5mm of foveal center); and 2 eyes (14.29%) eccentric (less than 25% of fixation point within 0.5mm of foveal center) fixation pattern. Fixation stability revealed that 12 eyes (85.71%) had stable (more than 75% within the central 2° of point of fixation); 2 (14.29%) relatively unstable (less than 75% of fixation points located within 2°, but more than 75% located within 4°, of point of fixation); none had unstable fixation (less than 75% of fixation points located within 4°). We measured macular sensitivity and corresponding thickness in 391 points of 14 study eyes. We regressed macular sensitivity against its thickness, distance from fovea (3 circles with radius of 0.5, 3, 6 mm from fovea center), duration of DME (< 1 year, 1 to 5, > 5 years), visual acuity in LOGMAR, age, and gender. Macular sensitivity decreased 0.01 dB (95% Confidence Interval (CI); -0.02, -0.00) with every 1µm increase in macular thickness. It decreased 0.13 dB (95% CI; -0.21, -0.05) with every one-year increase in age. There was an increase of 1.90 dB (95% CI; 1.09, 2.71) moving from foveal center to second and third circles. Purpose:To demonstrate the capability of joint spectral and time domain optical coherence tomography to visualize in real-time three-dimensional vascular structure along with quantitative blood flow in the retina of the human eye in-vivo. To demonstrate measurement protocols that allow for velocity distribution assessment with high sensitivity at high acquisition speeds needed for three-dimensional realtime observation of retinal blood flow. Methods:The specialized measurement protocols and advanced data-processing techniques that base on Spectral and Time domain Optical Coherence Tomography has been developed and applied to data obtained from healthy volunteers. Novel methods of analysis and visualization of the segmented vascular structure has been introduced. All data presented in this contribution are obtained with the prototype high-resolution, high-speed Spectral OCT system acquiring 120 000 ascans/s, constructed at the Nicolaus Copernicus University, Poland. Results:In-vivo real-time, ultrahigh resolution OCT imaging has been performed in 10 eyes of 5 healthy volunteers. In all cases the blood flow in three-dimensional vascular net in the macular region of the retina as well as in the proximity of the optic disk is observed in real-time. We also present two-dimensional fundus-like maps indicating the direction and velocity value of blood flow. Conclusions:Using three-dimensional joint spectral and time domain OCT and novel analysis tools we were able to visualize three-dimensional blood flow in realtime. We believe that the novel technology can provide a better understanding of retinal functions as well as facilitate aiming OCT system at diagnostically important points in retinal diseases connected with blood flow disorders. Our method enables significantly better visualization of three-dimensional vascular structure than was previously possible. Purpose: To demonstrate applicability of Doppler Optical Tomography (OCT) technique for 3-D analysis of blood flow in retinal vascular system. An influence of optical inhomogeneity of human blood on Doppler measurement in retinal capillaries will be addressed. Methods: Ultra high resolution and high speed (230,000 Ascans/sec) Spectral OCT system was used for in vivo imaging of retinal vasculature in 3-D. In vivo studies were performed in healthy and pathologic eyes enabling to visualize net capillaries distributed densely in macular region (outside from avascular zone). Specialized scanning protocols were applied to measure low frequency Doppler signals caused by almost perpendicular orientation of vessles in the central retina. Measurement protocols and signal processing were based on the joint spectral and time domain OCT. To test applicability of the method additional in vitro studies of the human blood flow were conducted. Results: Detalied analysis of velocity data demostrates that we are able to see Doppler signal coming from the steady scattering medium under capillary while the blood is flowing. This effect is present in both in-vivo and in-vitro studies. Such signal is present due to optical inhomogenity of blood causing time dependent phase variation similar to Doppler signal. It also affects the velocity readout from blood vessles introducing additional broadening of velocity profles. We will demonstrate our calculations and experimental data showing how strong this effect can influence the velocity measurements in retinal blood vasculature especially in the case of small retinal capillaries. Conclusions: Measurements of Doppler data from retinal vasculature in 2-D and 3-D obtained with high resolution and high speed Spectral OCT system are demonstrated. We have shown that is possible to enhance visualization of retinal caplillaries using joint spectral and time domain OCT. However, the direct retrieval of blood flow velocity in small capillaries is limited due to orientation of capillaries and strong influence of optical inhomogenity of the medium. In this contribution we will demonstrate optimal conditions for measuring blood flow in small retinal vessles to enhance their visibilty and calculate the flow rate. Purpose: To analyze retinal blood flow characteristics of diabetic eyes using the Retinal Functional Imager (RFI) and standard imaging techniques including fundus photography, fluorescein angiography (FA), and Spectral Domain OCT/SLO (SD-OCT) to evaluate the relationship between occurrence of cilioretinal arteries and macular edema, and to look for evidence cilioretinal-retinal collaterals. Methods: Patients with a diagnosis of diabetic retinopathy were included. All patients underwent fundus photography, FA, SD-OCT and RFI imaging. The presence of cilioretinal artery (CilRA) was established using color/red-free fundus photos, FA and RFI. Two groups of eyes were created according to the presence (CilRA group) or absence (NoCilRA group) of cilioretinal artery or arteries in the studied eye.
-A614 Cilioretinal Arteries in Diabetic Eyes Are Associated With Increased Retinal Blood Flow Velocity and Occurrence of Diabetic Macular Edema
Cilioretinal arteries were defined as vessels which originate at the optic disc without evidence of communication with the central retinal artery, loop over the margin of the disc and fill with fluorescein dye along with the choroid. Results: Thirty nine eyes with diabetic retinopathy were included. Cilioretinal artery was identified in 15 eyes (38.4%). In the CilRA Group, SD-OCT evidence of macular edema was observed in 86.7% (13 out of 15 eyes), whereas macular edema was observed on SD-OCT in 29.2% (7 out of 24 eyes) in the NoCilRA group. Mean blood flow velocities in retinal arteries and veins were significantly higher in diabetic eyes with cilioretinal artery (p = 0.04 and p = 0.005, respectively). Mean velocity in cilioretinal arteries was significantly higher in comparison to the mean arterial blood velocity (p = 0.03). In CilRA group, cilioretinal-retinal collaterals, assessed by RFI, were detected in 4 (26.7%) out of 15 eyes with cilioretinal arteries. Mean velocity in retinal veins was significantly lower when cilioretinal-retinal collaterals were present (p = 0.008). In NoCilRA group, mean velocity in retinal veins was significantly higher in eyes with macular edema in comparison to the eyes without macular edema (p = 0.03).
Conclusions:
Using the RFI in conjunction with standard fundus imaging techniques, the presence of cilioretinal artery in diabetic eyes was found to be associated with increased retinal blood flow velocity and increased occurrence of diabetic macular edema. The occurrence of cilioretinal-retinal collaterals was also noted, however, the pathophysiologic significance of this finding requires further investigation. Purpose: To measure the polarization properties of the foveal and nerve head region with a fiber based ultra high resolution polarization sensitive OCT (PS-OCT) system. Methods: We present a new ultra high resolution spectral domain polarization sensitive optical coherence tomography (PS-OCT) system based on polarization maintaining (PM) fibers. The method transfers the principles of our previous bulk optic PS-OCT systems to a fiberized setup. Thereby, the main advantage of our bulk optics setups, i.e. the use of only a single input polarization state to simultaneously acquire reflectivity, retardation, optic axis orientation, and Stokes vector, is maintained. Results: We measured the fovea and the nerve head of healthy volunteers with our system. The polarization sensitive images of the macula show, that most of the retinal layers in this area do not alter the polarization state. However, the RPE changes the polarization state of backscattered light in a random way. This polarization scrambling indicates depolarization. The retardation images of the nerve head region show increased retardation in the superior and inferior nerve fiber bundles and decreased retardation in the nasal and temporal nerve fiber layer. The optic axis orientation image shows a 360° rotation around the nerve head, in good agreement with the radial orientation of the nerve fiber bundles around the optic nerve head.
The flexibility and simple alignment of fiber optics based systems is an important step towards the development of commercial PS-OCT systems. In addition the use of a broadband light source with a bandwidth of 110 nm results in a smaller speckle size. This increases the density of independent sampling points, leading to improved resolution of PS measurements, which is especially important for measurements of the thinner part of the retinal nerve fiber layer. In addition, the smaller speckle size allows a better resolution of depolarization measurements, leading to improved spatial resolution of RPE segmentation. CR: E. Gotzinger, None; B. Baumann, None; M. Pircher, None; C.K. Hitzenberger, None. Support: European Union project FUN OCT (FP7 HEALTH, contract no. 201880)
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Copyright 2010 by the Association for Research in Vision and Ophthalmology, Inc., all rights reserved. For permission to reproduce any abstract, contact the ARVO Office at pubs@arvo.org. Commercial Relationships are noted at the end of each abstract by "None" or with codes. Purpose: To assess long-term changes in flow parameters of the retrobulbar vessels in diabetic patients.
Methods:
This was a historical prospective study of 138 eyes that were evaluated in our institution between 1994-1995, 36 were re-evaluated between 2004-2008 and formed the study group. They were divided into four groups for comparison: eyes of diabetic patients without diabetic retinopathy (DR), eyes with nonproliferative DR (NPDR), eyes with PDR and eyes of non-diabetic patients (controls). Color Doppler imaging was used to access the retrobulbar circulation. Flow velocity in the three major retro-bulbar vessels was measured, and the resistive index (RI) was calculated and compared between the groups and between the two time periods. Results: There was a similar increase in the RI of the ophthalmic artery (OA) in all patient groups. RI values of the central retinal artery (CRA) and posterior ciliary artery (PCA) had increased in the two non-DR groups and in the NPDR group, with a surprising decrease measured in eyes with PDR (P=NS). Combining the NPDR and PDR groups resulted in a milder increase of the RI of the PCA and the CRA in the DR group compared to the other groups..
Conclusions:
We showed that there was a decrease of the resistance in two retrobulbar vessels in patients with PDR during a long-term follow-up. The finding of a milder increase of the RI in patients with DR compared to the non-DR controls was, significant for the CRA. These results demonstrate that an increase of the resistance in the retrobulbar vessels, as a part of DR, can lessen over time and even be reversed. These results are unexpected given the direct statistical relationship between the duration of the diabetes and the severity of the retinopathy that was reported in several studies. They are, however, in line with the results of follow-up studies that were carried out using laser Doppler velocimetry. Further studies are needed in order to verify these findings and their contribution to better understanding of the pathophysiology of DR. CR: M. Neudorfer, None; R. Kessner, None; D. Goldenberg, None; M. Goldstein, None; A. Kessler, None. Purpose: To assess the intra-session and inter-session reproducibility of blood flow velocity measurements in the perifoveal vessels using the Retinal Function Imager (RFI). Methods: Twenty six eyes of 20 healthy subjects free from eye disease and with no history of ocular trauma were recruited for this study. All patients were imaged by the RFI (Optical Imaging, Ltd). with analysis of blood flow velocity of secondary and tertiary branches of arteries and veins. The RFI scan was repeated three times for every measured region. Intra-session variability was assessed by the coefficient of variance (standard deviation divided by the mean) of all measured segments between each repeated scan. Five eyes of 5 subjects were re-imaged on a different occasion, days to months apart from the first measurement. Inter-variability was calculated using intraclass correlation. Purpose: Intraretinal layer segmentation is of paramount importance to monitor the progress of retinal diseases such as the variation of the nerve fiber layer and macular edema formation. The purpose of this study is to develop and validate a method that can automatically segment 10 intraretinal layers in 3-D macular OCT scans. Methods: 14 macular OCT scans (200 × 200 × 1024 voxels, 6 × 6 × 2 mm 3 ) were obtained from the right eyes of 14 normal subjects using a Cirrus TM HD-OCT machine (Carl Zeiss Meditec, Inc., Dublin, CA). The 3-D graph search method hierarchically detected 11 retinal surfaces in 5 multiscale OCT volumes using gradient magnitudes of the OCT volumes. Reference standards were created by averaging in the z-direction manual tracings obtained from 2 retina specialists in 10 randomly selected X-Z images for each OCT scan. The accuracy of computer segmentation results was estimated by comparing to the reference standards in terms of unsigned border positioning error. In addition, the unsigned border positioning errors and absolute layer thickness differences between the computer segmentations and the reference standards were compared to the inter-observer variability between the 2 manual tracings. Results: The overall mean unsigned border positioning error of 11 retinal surfaces was 5.75 ± 5.11 µm (2.88 ± 2.55 voxels). While the unsigned border positioning errors of 9 retinal surfaces were significantly smaller than the unsigned border positioning differences between the 2 manual tracings (p < 0.01, 95% CI), those of 2 retinal surfaces were not significantly different (p > 0.81, 95% CI). In 9 out of 10 intraretinal layers, the absolute layer thickness differences between the computer segmentations and the reference standards were significantly smaller than those between the 2 manual tracings (p < 0.01, 95% CI).
Support: None
-A619 Increased Foveal Avascular Zone in Diabetic Retinopathy Patients Detected Non-Invasively by the Retinal Function Imager
Conclusions:
The proposed method is able to automatically segment 10 intraretinal layers from 3-D macular OCT scans and performs comparably to a retina specialist on this dataset in terms of unsigned border positioning error and layer thickness. Purpose: To present an automatic OCT image segmentation algorithm and evaluate the repeatability of outer retinal boundary detection for exploring possible choroid structure change in diseases. Methods: A fast and fully automated segmentation method has been developed based on a customized edge detector, in which an edge refinery scheme utilizes the shortest-path search. The introduced edge refinery scheme suppresses the false edges by integrating both intensity and edge information. The algorithm is capable of segmenting up to 10 boundaries, including the inner sclera border, in retinal images. Three-dimensional (3D) macular scans of 20 eyes were utilized to evaluate outer retinal boundary repeatability. Each scan had three repetitions. The 3D scans were preprocessed with a proprietary registration and averaging algorithm to get corresponding 3D scan images with improved signal-to-noise ratio. Results: 10 boundaries were detected with the automated segmentation algorithm. The standard deviation and correlation coefficient of the thickness from the outer border of the retinal pigment epithelium to the inner sclera border were calculated to evaluate the repeatability. The newly developed segmentation method demonstrated the ability to reliably segment intra-and outer retinal boundaries with good repeatability. The segmented boundaries were found to be in agreement with the known anatomical locations.
CR
Conclusions:
The proposed segmentation method utilizes the unique edge information and incorporates intensity information to produce robust results. The automated segmentation algorithm was able to produce reliable results for the segmentation of 10 boundaries including the outer retinal area, which is promising towards further investigation of the intra-and outer retinal structure changes in diseased eyes. Purpose: Spectral Domain Optical Coherence Tomography enables depth-resolved imaging of the retina which is critical for the quantification of retinal layer thicknesses. Manual segmentation of these layers is labor intensive. A fully automated method to segment and quantify retinal layers would reduce labor and time costs and provide an objective evaluation of the retinal structures of interest. Methods: Our graph cut-based algorithm associates each pixel in retinal images with all other pixels by weights which we have customized based on prior anatomical information, such as proximity to the fovea, scan orientation, and nerve fiber layer brightness. Dijkstra's algorithm utilizes this weighting matrix to find the shortest weighted paths across an image, thus effectively segmenting the retinal layers. A total of 108 macular B-scans from 10 normal adult subjects were segmented manually by one grader and automatically using our software. To estimate inter-expert-observer variability, a subset of 29 B-scans was graded manually by two experts.
Results:
We measured the average thickness of 7 retinal layers in each B-scan. We calculated the absolute value difference of the average layer thicknesses between the manual and automatic estimates and likewise between the two manual expert graders. The mean and standard deviation of these differences across all B-scans are compared in Table 1 . Purpose: To describe normative data for the foveolar, macular and peripheral retinal thickness with spectral-domain optical coherence tomography (SD-OCT) in Japanese normal subjects. Methods: A total of 30 healthy eyes from 30 subjects, age ranging 12 to 80 years (48 ± 22, mean ± SD) were included in this study. Inclusion criteria were best corrected visual acuity of 20/20 or better, refractive error from -5.0 to +3.0 diopter, no ocular diseases and normal intraocular pressure. We measured retinal thickness at a central foveola and retinal regions 1, 3, and 9 mm from foveola in 8 directions of nasal, superior nasal, superior, superior temporal, temporal, inferior temporal, inferior and inferior nasal using SD-OCT (Cirrus, Carl Zeiss Meditec). Results: The mean foveolar thickness was 189.3 ±15.9 µm. The retinal thickness at 1 mm from central fovea in directions of superior nasal, superior temporal, inferior temporal and inferior nasal was 328.4±18.4, 320.7±15.1, 319.8±22.1 and 319.7µm, respectively. The retinal thickness at 9 mm in the same directions was 197.3±14.4, 177.5±14.1, 173.4±14.3 and 180.8±18.2 µm. The retinal thickness in the superior nasal region at 9 mm was thickest among other measured regions (p=2.65×10 -5 , ANOVA). There was no significant correlation between age and retinal thickness of each measured region (p>0.05, Peason's correlation coefficient test). Conclusions: Normative values for foveolar, macular and peripheral retinal thickness of Japanese Asian subjects were measured and described precisely. Grobal and regional differences were presented. Since racial differences of OCT measurement have been reported, our data proposes the guidelines for normative retinal thickness in Asian subjects. CR: H. Omata, None; K. Mori, None; D. Imai, None; S. Yoneya, None. Support: None Purpose: To assess the thickness measurements of the macula and intraretinal layers in patients with type 1 diabetes mellitus and no retinopathy using optical coherence tomography (OCT); and to compare these findings with those of age-matched healthy volunteers. Methods: Standard macular mapping by Stratus OCT was performed in 74 healthy eyes (34±16 yrs, 51 female, 23 male) and 39 eyes with type 1 diabetes mellitus (DM) with no retinopathy (36±10 yrs, 19 female, 20 male) on biomicroscopy. Automatic layer segmentation was performed using a custom-built software for OCT retinal image analysis (OCTRIMA). Mean values of thickness of the macula and RNFL, GCL+IPL, INL, OPL, ONL, IS/OS and OS/RPE junction in healthy volunteers and DM eyes were compared using Mann-Whitney U test. Because of the number of statistical comparisons made in the study, a modified p value of <0.001 was considered statistically significant. Missed significance (MS, 0.001<p<0.05) was also recorded. Results: Stratus OCT-measured thickness of the total retina in the central subfield (R1) of DM eyes was higher than those from healthy volunteers (242±23 versus 232±24, ‡ p<0.001).
-A520 Assessment of Macular and Intraretinal Thickness Measurements in Eyes of Healthy Volunteers and Subjects With Type 1 Diabetes Using Optical Coherence Tomography
Intraretinal thickness was significantly different between DM and healthy eyes for RNFL, which was thinner in the pericentral regions in DM eyes (R2 ‡ , R3 ‡ , R4 † and R5 † , ‡ p<0.001 and † MS); GCL+IPL complex in R4 † , R6 † , R7 † and R8 † , which was also thinner in DM eyes; INL in R2 † and R3 † (thicker in DM eyes); OPL only in R8 † (thicker in DM eyes) and; OS/ RPE junction in R1 ‡ , R4 ‡ , R5 † , R8 † and R9 † (thicker in DM eyes). Our study also showed no significant differences in macular and intraretinal layer thickness measurements within regions between females and males in the DM group. Conclusions: In contrast to previous results reported in the literature for subjects with diabetes but minimal or no retinopathy, our results suggest that macular and intraretinal layer thickness measurements in DM subjects are not similar to thickness measurements obtained from age-matched healthy subjects without diabetes. In addition, the differences of the macular and intraretinal layer thickness measurements between men and women in the DM group were not significant. These results are not consistent with past reports which could be due to analyzing data composed of mixed diabetic groups (i.e. type 1 and type 2; and minimal and no DR). Caution should be taken when preparing future studies involving diabetic subjects. Purpose: To develop an automated method to identify the normal macula and four macular pathologies (macular hole (MH), macular edema (ME), epiretinal membrane (ERM), age-related macular degeneration (AMD)) in 3D SD-OCT images. Methods: 202 eyes of 58 healthy volunteers and 144 macular disease patients (38 MH, 117 ME, 116 ERM, and 52 AMD eyes) were scanned using SD-OCT (Cirrus HD-OCT; Carl Zeiss Meditec, Inc., Dublin, CA) with Macular Cube 200x200 scan protocol. A holistic data-driven approach, in which 3D OCT data were encoded using a rich set of dense, spatially-distributed features, is proposed. Machine learning algorithms were used to identify the most discriminative features automatically from our training data. For ground truth, one ophthalmologist labeled each scan with the pathologies it contained. A two-class non-linear support vector machine (SVM) was trained using leave-one-patient-out cross validation. For performance evaluation, areas under the receiver operating characteristics curve (AUC) were computed for classifications of healthy and four pathologies separately. Results: We tested our method on 343 OCT scans. The AUC was 0.9714, 0.7862, 0.9338, 0.7939, 0.8325, for determining normal macula and the presence of MH, ME, ERM, and AMD, respectively.
Conclusions:
We have developed an automated method for macular pathology diagnosis in OCT images and have obtained promising results, particularly in the cases of identifying the normal macula and identifying macular edema (AUC >0.9 for both). Our results demonstrate that the proposed holistic image representation combined with a data-driven learning framework can identify effective features without relying on a potentially error-prone segmentation module. Purpose:OCT as a non-invasive imaging technology enables the detection and followup examination of retinal pathologies such as retinitis pigmentosa. Today's devices produce an enormous amount of data demanding an automatic assessment of relevant information such as layer boundaries, to do both supporting the ophthalmologist seeing degenerative changes but also to objectively quantify these degenerations. The aim of this study was the development of an automatic segmentation method to separate retinal layers and to quantify changes due to retinal degeneration in retinitis pigmentosa. Methods: The retinal segmentation algorithm uses a graph theoretic approach to find optimal surfaces. The surface segmentation problem is transformed into computing a minimal s-t cut in a derived arc-weighted directed graph. For each layer individualized cost functions have been defined and optimized. We are using cost functions based on edge information and on shape information. The system is able to segment 5 individual layers (retinal nerve fiber layer; ganglion cell layer; inner plexiform/ inner nuclear/outer plexiform layer; outer nuclear layer; interface of the inner and outer segments/retinal pigment epithelium/ bruch membrane) by identifying 6 boundaries. Each slice stack contains 49 slices with a resolution of 512x496 pixels for each slice. This results in rather complex graph setups. To handle this care has been taken to reduce the memory complexity and the computational complexity of the segmentation. The algorithm maintains individual sub regions of the slice stack with different spatial resolutions at the particular steps of the segmentation procedure. To evaluate the algorithm performance 14 OCT slice stacks have been used, seven healthy retinas and seven retinas showing symptoms of retinitis pigmentosa. Within this study we focused on the segmentation performance of the retinal layer between the interface of the inner and outer segments and Bruch membrane. 
-A523 Automated Measurement of Optic Nerve Head Shape From Stereo Color Photographs of the Optic Disc: Validation With SD-OCT
Purpose: Optical coherence tomography (OCT) has recently become one of the primary methods for non-invasive probing of the human retina. The pseudo-image formed by OCT (the so-called Bscan) varies probabilistically across pixels due to complexities in the measurement technique. It was shown that the distribution of pixels intensity can be well described by a stretched exponential density function such as P(I)=[1/(λ Γ(β))] exp[-(I/λ) β ], where Γ(β) is the gamma function, and β, and λ are the parameters of the distribution. In this work, we present a psychophysical experiment in which we study the ability of human subjects to detect a patch in pseudo-images and compare its performance with a Bayesian ideal observer algorithm. Methods: The images used in this experiment were simulated and patches were created through a Gaussian modulation of parameter λ in the distribution. The size of the patch was defined by the standard deviation of the Gaussian. In a 4AFC experiment we measured the threshold of dλ necessary to discriminate the location of the patch in the image as a function of size and β, which is the parameter that controls the size of the distribution's tail. The experiment was performed by displaying the range of intensities with both linear and logarithmic scales. Ten naïve observers took part in this experiment. Results: Results of the psychophysical experiment show that threshold decreases with increasing size in an exponential fashion for all βs varying from 0.6 to 1. Only for the logarithmic presentation the parameter β had an effect on the threshold. Simulations of the ideal observer show thresholds behaving in the same way as human's data but two orders of magnitude smaller. This would show that the algorithm integrates spatial information more efficiently than humans, based on the optimal use of the knowledge it has about the stimulus. Conclusion: We think this type of algorithm would be an alternative to develop systems to automatically detect anomalies in these images and then use them to help physicians during the diagnosis. Purpose: To model patterns of visual distortion caused by metamorphopsia in a patient, by use of a deformable Amsler grid, based on cubic B-splines; and to localize the affected area in macular OCT images for further analysis. Methods: In order to model distorted vision, we display in a computer monitor an interactively deformable Amsler Grid to the patient at a distance of 30 cm. One eye is covered and the other fixates the grid center. The perceived distorted lines will be deformed in the opposite direction of patient's distortion until vision is corrected and the lines are seen straight again. The grid is based on cubic B-splines in order to have a smooth deformation. Once the metamorphopsia model is acquired, we align it with the corresponding OCT images of the patient's macula for further analysis. This was tested on seven patients with macular disease. Results: Five patients could reliably fulfill the task. The system provides the model of distorted vision in a range of 47.55º horizontal and 31.38º vertical visual angles. The grid lines are placed every 5.52º horizontal and 3.62º vertical visual angle. The perceived distorted vision was modeled and the affected area was localized in macular OCT and fundus images (see figure) . The pathology matched the location of the distortion as graded by an experienced ophthalmologist. The system provides a measurement of the deformation seen in the grid (i.e., the average displacement of pixels) in order to have an estimation of the size of the affected area in the macula (in mm) according to the patients' visual perception; which helps to evaluate the progression of the disease. The resolution of the system can be adapted to the patient's degree of distortion. Conclusions: A deformable Amsler grid based system provides a simple and useful method for modeling distorted vision in patients with metamorphopsia. By aligning the model with macular OCT images, we can identify macular features, which could help in the development of an automatic method to model metamorphopsia. Purpose: To investigate the correlation between electrical impedance of an intraocular microelectrode and the electrode retina distance measured by optical coherence tomography (OCT) Methods: Experiments were done in normal rats (n=2). Baseline OCT images were acquired prior to insertion of the microelectrode in the rat eye. Electrode insertion is made with a 75 um diameter platinum electrode. The electrode was advanced until it was visible in the fundus view of the OCT system. The scan line was adjusted to be along the length of the microelectrode to allow simultaneous scanning of the electrode tip and the retina. Electrical impedance was measured using a 10mV sine wave at 100KHz. Impedance and OCT data were acquired as the electrode was advanced towards the retina, under micromanipulator control. Results: The impedance increased consistently as the electrode was advanced towards the retina. This is illustrated in the graph below; values of impedance and distance have been normalized to the starting value of each. Distance equals zero represents the electrode tip in contact with the retina. Data represented as mean ± s.d Conclusions: Increasing electrical impedance is proportional to how close the electrode is to the retina. Electrical impedance can be used to sense proximity to the retina. Purpose: To design and validate computer algorithms and create software for image extraction archiving and advanced visualization of retinal images acquired with spectral domain optical coherence tomography (OCT). The application is aimed to increase effectiveness in the clinical practice and to assist OCT image reading centers for clinical trials. Methods: Fast programming languages were used to design algorithms for rapid image retrieval, segmentation and display. The platform consists of multiple tiers. On the front-end there are two modes: 1) for automatic and 2) for manual insertion of demographic data and images. The core of the program consists of image presentation and clinical data comparison module. A friendly graphical user interface was created to display the OCT images and data together. Information for the right and left eye is presented separately. Selection menu for desired type of visualization with image presentation filters is also incorporated. The back-end of the platform contains fast database for image and clinical data archiving. Advanced searching capabilities allow for data mining.
CR: A. Martin
Results: The platform was tested on computer with Intel processor: Core 2 Duo, 2.5 GHz, 4 GB RAM under Microsoft Vista 32-bit operating system. One hundred sham test images with the same resolution as the original OCT images were used to test the platform. The results show very robust and instantaneous loading and display of the image sets from multiple visits (average-less than 1 sec. from 5 visits with 6 images per visit), when archived on the local hard drive. The images from left and right eye are loaded simultaneously and remain in the memory, so that flipping back and forth between the eyes does not require more loading time. The visits are chronologically presented and can be filtered based on multiple criteria. During the test the software reliably filtered visits with intraocular procedure from follow-up visits without procedure. Conclusions: Robust, reliable software platform for OCT image extraction, visualization and archiving was designed and validated for the purposes of clinical evaluation and OCT image reading centers. CR: B. Madow, None.
Support: None
Purpose: ADCIS, in partnership with experts in Ophthalmology and Pfizer Inc., developed a software using imaging tools to track the evolution of pathologies during the Age-Related Macula Degeneration conversion. Methods: 100 patients with high risk of conversion were enrolled in a clinical trial at 3 different sites and are examined every 6 months over a period of 2 years. At each visit, color fundus, infrared, red free and autofluorescence images, 3D OCT, fluorescein and indocyanin green angiographies are acquired with the HRA II Spectralis. Then, these images are exported from the Heidelberg Eye Explorer© database and uploaded to a remote database accessible from all sites. Then, the software is used: 1. In "Grader" mode to annotate selected images by filling modality-specific forms, outlining pathologies, adding comments, and diagnosing AMD conversion. 2. In "Investigator" mode by experts of each site who review the grader annotations in order to agree or disagree, alter or add annotations. Once a visit review is complete, they can view annotations made by other investigators, and correct/update their own if necessary. 3. In "Consensus" mode to adjudicate the annotations: When discrepancies appear between experts and/or grader, a "consensus" meeting is called to review and alter any previously made annotation in order to seal the final diagnosis. The annotated database is then used by image processing experts to develop algorithms to automatically detect, classify and quantify the pathologies in order to be used in statistical analyses.
Results:
• Intra-and inter-modality image registration techniques were developed. Purpose: To develop and test a system that detects drusen and pigmentation abnormalities in Age-related maculopathy (ARM) patients, replicating the simplified severity scale for AMD given in AREDS Report #18, which results in an estimation of the 5-year risk of development of advanced stages of AMD. Methods: We developed a system that detects the two characteristic features of ARM which were identified in the AREDS study: Drusen and pigmentation abnormalities. First, by using Amplitude Modulation-Frequency Modulation (AM-FM) methods, we obtain spatial, mathematical features that characterize drusen. Using morphologybased filters we extract the drusen features from the background and automatically detect their occurrence in a subject's eyes. Similarly, we use a region of interest (ROI)based algorithm to determine pigmentation abnormalities. These ROIs are based on the grid used for AREDS grading, analyzing first the macular region and second a disc-shaped area one to three disc diameters away from the macula. The hypothesis is that normal retinas will have less significant histogram changes than retinas with drusen or pigmentation abnormalities. Results: The algorithm was tested on a set of 100 images from the AREDS database, using a single image of the central field per eye and per subject. For images with drusen, we obtained a rate of correct classification greater that 90%. For images with pigmentation abnormalities, we obtained a rate of detection of 75%. These results compare well with published results of human grading for ARM and AMD, which achieved sensitivities of 61% for ARM and 86% for AMD. Conclusions: Age-related macular degeneration (AMD) is the most common cause of visual loss in the United States and is a growing public health problem. The ultimate goal of this system is to provide biomarkers to identify patients at risk of developing advanced stages of AMD and to improve outcomes by identifying more specific interventions. In this manner one will be able to select the best treatment earlier in the disease, which will lead to improved therapeutic outcomes. Purpose: To automatically compute differences over time from color fundus photography sequences in AMD patients' eyes. Methods: Color fundus photographs, 30º field-of-view centered on the fovea, were taken every 6 months during a 2-year follow-up period from 52 eyes of 52 patients. Images were converted to gray-scale through principal component analysis to capture the highest level of contrast from each color channel. Gray-scale images were thereafter processed to correct non-uniform illumination and normalize brightness. Vessel centerlines from the retinal vascular tree were segmented and used for image coregistration, based on a proprietary technique, to allow comparing any gray-scale image to the respective baseline and to compute differences. The process repeats for each image on the follow-up resulting in a sequence of difference-images. These differences can be added, after a specific coloration, and mapped, showing the progression of the detected changes over time accordingly to the defined color scheme. Results: This fully-automated procedure allows to determine and to map changes detected over a time sequence of color fundus images. Specifically to these AMD patients' eyes, this allowed to detect drusen size and confluence indicating turn over among other retinal changes from the difference-images. Conclusions: The proposed method allows changes from color fundus photographs to be automatically determined, mapped and color coded accordingly to the baseline and was successfully applied to AMD patients' eyes. , were used to capture radial line scans (or equivalent) in healthy or diseased eyes. The scans from each system were exported into JPEG format and imported into custom reading centre software, iP Reading Centre (Digital Healthcare, Cambridge UK). Scans were calibrated in the vertical plane and scrutinised side by side to identify common features. A single scan from each of the different capture systems was chosen at the same orientation and manual measurements were taken from the inner limiting membrane to the visible pathology or the RPE-choroicapillaris complex, whichever was more pronounced. Results: Twelve eyes were included in the study. Using each patient-eye as a block effect to test each machine, a 2-way ANOVA showed that there were no significant differences between the machine mean measurements of retinal thickness across the three OCT capture systems. The mean thickness measurements for Spectralis, Stratus and RTVue were 0.150, 0.149 and 0.136 respectively. Conclusions: The three OCT systems provided similar results for retinal thickness measurements. This has important consequences for reading centres and their approach to perform manual measurements for OCT thickness rather than relying on capture system software. This study has several limitations. Although the scan orientation chosen was the same for each system, there can be no guarantee that the same location was used in each image to perform the measurement, or that the scan intersects the same anatomical region in all systems. However, the images were scrutinised in advance to determine common features and the thickness lines were drawn on all scans before the measurements were known. The sample size is also quite small which may result in a type II error and thus the study will be extended to a larger set of patients and will include reproducibility assessments. CR: W.P. Patton, None; K.A. Muldrew, None; M. Stevenson, None; U. Chakravarthy, None.
-A540 Taking the Machine Out of the Equation: Measuring Macular Thickness From
Support: None
Purpose: To create an automated system for evaluating image quality, including alignment according to ETDRS protocol. Methods: One hundred images were selected from a database of 500 patients (1000 eyes). A reference image was selected based on a visual interpretation of acceptable alignment of ETDRS field 2. Each of the remaining 99 images was compared to the reference image using two metrics: cross-correlation and mutual information. These two metrics were compared to a calculated difference in optic disc location for each image to the reference image. A function that estimates disc alignment from either metric was calculated using polynomial curve fitting. This analysis was done in two different ways. First, it was applied to images that were not manipulated. Second, it was applied to images for which the histogram was matched to that of the standard image. Results: The normalized cross-correlation between images showed an inverse relationship with optic disc distance (R 2 =0.7) in the red channel. The mutual information metric also showed an inverse relationship with optic disc distance (R 2 =0.65) in the green channel with histogram equalization. Higher errors were produced by images with uneven illumination. Conclusions: Finding reliable metrics to match images is essential in being able to index a set of standard images by objective measures of content. Our results show that it is feasible to build a catalog of image alignment that can be mined automatically using metrics of information content. Uses include stand alone, real time, assessment of image quality and automatic building of reference datasets. Purpose: We propose a new filtering approach for canceling noise, laser speckles and vessels pulsatility in fundus images. The method is based on a Principal Component Analysis (PCA) and generates a single image free of dynamic components from a sequence of raw images. Methods: We collected sequences of 50 near-infrared images with a scanning laser ophthalmoscope (Spectralis, Heidelberg Engineering) in 5 healthy volunteers. The images were pre-processed (registration, micro-saccades rejection and artifacts masking) and PCA-filtered to extract the first Principal Component. Raw and PCA filtered images were then compared quantitatively and by medical experts. Results: We found an improved detectability of small features such as localized and faint hypo/hyper-pigmented areas and micro-vessels in PCA filtered images. In some subjects a clear relationship between both can be detected on PCA filtered images and not on raw images. We also identified specific artifacts caused by PCA filtering. One of them is a narrowing of the apparent diameter of the vessels and is due to the residual eye movements after registration and/or to local vessels pulsatility. Conclusions: Filtering of fundus images by PCA potentially improves diagnostic detection power, especially in retinal diseases which present only small or faint pathological features or which affect micro-vessels. The method can easily be incorporated in established imaging resources. CR: F. Moret, None; W.A. Lagrèze, None; M. Bach, None. Support: Deutsche Forschungsgemeinschaft BA 877/19-1 Purpose: The presence of parapapillary atrophy (PPA) representing chorio-retinal atrophy around the optic disc (OD) has been associated with certain relatively common eye conditions (eg. Glaucoma and myopia). However, the significance of its development and extent has not been fully established. Although often detected in color fundus photography, there is to date no computer-aided measuring tool available for its accurate detection and measurement. We describe a novel approach to automatically segment the OD and PPA and compare this against the performance by an ophthalmologist. Methods: Pre-processing techniques were initially applied to color fundus images on the red and blue channels separately in order to segment the OD and the OD-plus-PPA respectively. Average filtering was performed within an initial mask to create an enclosed homogeneous area. The OD and OD-plus-PPA boundaries were then further segmented by using a free-form deformable model called 'snakes without edges', based on techniques of curve evolution, level sets and 'Mumford-Shah functional'. We carefully selected the step size of the energy function to ensure that our snakes stopped at the desired boundaries. PPA was then derived from the subtraction of the OD from the OD-plus-PPA. We applied this technique on fundus images taken from a database of a well-characterized cohort and compared the accuracy of boundary detection against the manually-labeled ground truth information drawn by an ophthalmologist. Results: Of the 33 randomly selected images of 25 subjects with PPA, 27 were of sufficient quality for analysis. Our proposed algorithm achieved a mean accuracy level of 86.6% (S.D.=5.9) in detecting OD, 87.1% (S.D.=6.5) in detecting OD-plus-PPA and 73.5% (S.D.=12.8) in detecting PPA. Conclusions: Our proposed algorithm achieved good accuracy compared to the gold standard of a human expert. Further work to test out this algorithm in a larger sample is indicated. Possible application includes semi-automated screening systems for diagnosis of eye conditions associated with PPA in the community. Purpose: To present a database for integration of clinical, imaging and genetic data, that can allow a faster approach to data entry by clinical personnel. Methods: The database development challenge was to offer controlled information entry for easy retrieval and analysis but also the full free text fields that would allow busy clinicians to have their comments and allow us to still be able to extract useful information without limiting the options for some entries.The system intended for a Stargardt disease research project asked for integration of clinical information, images and genetic data. The database consists of one main table with demographic information and multiple children tables with clinical visits, imaging and genetic information. We opted initially for a controlled entry model for easy analysis, but this proved to be a never ending task of expanding the available options (e.g.: more alternative diagnoses). From previous published studies we established that free entries for additional diagnoses are usually prone to error and even if we try disambiguation using a large vocabulary support, the rate of error was still high. Hence we decided a modified approach, with a pop-up screen, where whenever necessary a new concept (diagnostic) was introduced in our restricted list with assistance from a UMLS (Unified Medical Language System) derived list of retinal diseases. If the disease was in realm of acceptable entries a study coordinator could update the list on the spot, otherwise a physician would have to do it through a waiting list for approval, adding a new concept to the local vocabulary. In the updated list we keep the userid of the upgrader , the CUI ( unique concept id ), SUI (unique string id ), and LUI (unique linguistic identifier ). If later somebody shall try to introduce a synonym, a warning is popping up suggesting the former term if appropriate. This approach allowed us to assign worker responsibilities in the process of updating our related vocabulary and keep consistency of our data. Results: Our approach, using limited expandable vocabulary for specific fields proved to be a reasonable approach. Conclusion: In an ideal system, the study coordinator or the physician can enter scientifically rigorous information directly into the software application without the limitation of controlled entries. Ours can deal just with limited variability, in a couple of fields, but the added flexibility was a welcome improvement. CR: M. Busuioc, None; R.T. Smith, None; R. Allikmets, None; N. Lee, None; A. Laine, None; J. Shi, None. Support: New York Community Trust
-A549 Boundary Detection of Optic Disc and Parapapillary Atrophy From Color Fundus Images Using Dual-Channel Color Morphology and Snakes
-A552 Low-Cost Super Resolution Retinal Imaging With Embedded Denoising: Quantitative and Qualitative Assessment of Reconstructed Images From a Scanning Laser Ophthalmoscope
Purpose: Accurate placement of lesions is crucial for the effectiveness and safety of a retinal laser photocoagulation treatment. Computer assistance provides the capability for improvements to treatment accuracy and execution time. One possible solution for compensating retinal motion is to register the frames of a live retina video stream on a retina composite image potentially containing a treatment plan. We developed and validated a method for the multimodal registration of the initial frame of a video sequence on a retina composite image. Methods: The general concept of the multimodal registration procedure is the following. Points on the vessel centerline and the optic disc are detected in both modalities. In a first step the initial video frame and the composite image are spatially pre-aligned using the determined optic disc parameter. Subsequently, the detected points on the vasculature from both images are iteratively matched starting in a small region around the optic disc and then expanding the matching region until the entire video frame is registered. The transformation model changes from affine to quadratic. For the optic disc detection we introduced a new approach, which calculates the highest local mean intensity variance at detected vessel centerline points to set up a region of interest for applying the Hough transform. The presented registration procedure is designed for a computer assisted retinal laser photocoagulation system. It initializes our real-time registration procedure that makes use of the spatial alignment information from the registered initial frame and the features of the segmented composite image to register subsequent frames of the video sequence. Purpose: Many recent adaptive optics systems use two deformable mirrors (DMs) to correct the eye's aberrations -a "woofer" DM to correct high amplitude, lower order aberrations and a "tweeter" DM to correct low amplitude, higher order aberrations. We developed and tested a direct slope reconstruction algorithm to simultaneously control two DMs in an adaptive optics scanning laser ophthalmoscope (AOSLO). Methods: The dual DM direct slope algorithm uses the correlation matrix (obtained from both DM response matrices) to compute and remove the coupling modes from the tweeter's original response matrix. This process results in a new tweeter response matrix that is orthogonal to that of the woofer and thereby prevents both DMs from correcting the same aberrations. Singular value decomposition of the global reconstruction matrix (consisting of the woofer and new tweeter response matrices, and a restriction matrix that minimizes piston, tip and tilt) yields the global control matrix used to calculate voltages for both DMs. This algorithm was implemented in an AOSLO consisting of a 140 actuator Boston Micromachines Corp. MEMS DM (tweeter) and an Imagine Eyes Mirao-52e DM (woofer). We compared the performance of the simultaneous dual DM direct slope algorithm with a 2-step sequential control algorithm (woofer correction first followed by separate tweeter correction) in 2 normal human subjects with pre-AO corrected total root-mean-square (RMS) wavefront errors of 1.55 μm and 5. Purpose: Optical coherence tomography (OCT) with adaptive optics (AO) provides unprecedented 3D resolution of the microscopic retina in vivo. The high resolution and high magnification, however, result in substantial eye motion artifacts that are difficult to remove using conventional OCT registration algorithms. Here we develop a new feature-based algorithm that is tailored for AO-OCT imaging and consists of a two step process of layer segmentation and rigid registration. Methods: A multi-resolution scheme followed by multi-scale directional edge detection and dynamic programming estimates the location of the major retinal layers for segmentation. Individual B-scans are next registered axially and rotationally using similarity transformation, assuming a locally flat retinal pigment epithelium (RPE). To evaluate the method, retinal volumes were acquired on several subjects with no pathology using the AO-OCT instrument described in Cense et al. [1] 12 volumes, each 900×600×100 voxels (width×height×depth with voxel size: 0.9×1.1×9.0 μm 3 ), were collected within the central retina, segmented, and then registered. Effectiveness of the algorithm was qualitatively accessed by viewing fly-through videos of the processed volumes and projected B-scans in the slow scan direction, and quantified by measuring residual axial deviations of the segmented RPE layer. Results: The algorithm was found to correct eye motion artifacts substantially in all volumes processed. The visibly apparent axial motion in the original projected B-scan (left figure) is noticeably reduced (center figure). Across the 12 volumes, the residual mean-square error of the RPE layer before and after processing is 81.6±57.7 and 3.2±4.7 pixels respectively. Segmentation of a B-scan from the same volume is shown in the rightmost image. Conclusions: A method to remove motion artifacts from AO-OCT volumes is presented, and demonstrated effective on normal retinas. The proposed method is implemented as a plug-in for ImageJ and will be publically available. Purpose: To qualify and to analyse quantitatively the cone mosaic in normal subjects using a novel prototype of adaptive-optics (AO) retinal camera. Methods: Twenty-five healthy subjects aged 18-45 years were examined by AO retinal camera. The AO instrument was based on a 52-actuator electromagnetic deformable mirror and a 1024-lenslet Shack-Hartmann sensor (both Imagine Eyes, France). A super luminescent diode operating at 750 nm was focused at the retina to probe optical aberrations. A square 4x4 deg area at fundus was flood-illuminated by a pulsed infrared LED and imaged onto a low-noise CCD camera. AO images were taken at the eccentricities from 0 deg to 5 deg temporal from fovea of all subjects. Cone densities of 4x4 deg images at 4 deg were measured using a custom-made software. The variation of the individual cone reflectance over time was measured at 0 and 4 deg. Results: There were significant spatiotemporal variations of individual cone reflectance. No temporal or spatial cycle could be evidenced. The variations of the reflectivity of two neighboring cones were inversely correlated to their distance, that suggest a role for optical factors (e.g. blood flow or vitreous) in these variations. Accordingly, shortterm time-lapse observation showed that vitreous opacities significantly interfered with cone reflectance. Within the fovea, the presence of reflective spots varying over time suggest that some foveal cones were highly reflective, and hence that circulating red cells were not the sole cause of the variations of cone reflectance. The mean cone density at 4 deg eccentricity was 22481 cones/mm2. On single 4 deg images, a centralperipheral density gradient could be evidenced in all cases. Conclusions: Normal cones show significant time and space variations that may be due in part to interference with vitreous and circulating red cells. Such variations have to be taken into account in the determination of cone density. Our data suggests the presence of highly reflective cones in the fovea. The central-peripheral gradient of cone density can be detected in a single 4deg image, which helps for spatial orientation of the image. Purpose: To correlate high resolution optical coherence tomography (OCT) to Adaptive-Optics (AO) retinal camera imaging in patients with occult maculopathy. Methods: Three patients with a diagnosis of occult maculopathy underwent en face retinal imaging by AO. AO imaging was done using a retinal camera based on a 52-actuator electromagnetic deformable mirror and a 1024-lenslet Shack-Hartmann sensor (both Imagine Eyes, France). A super luminescent diode operating at 750 nm was focused at the retina to probe optical aberrations. A 4x4 deg area was flood-illuminated by a pulsed infrared LED and imaged onto a low-noise CCD camera. AO images were taken at the eccentricities from 0 deg to 6 deg. AO images were confronted to images from high resolution spectral domain OCT (Spectralis OCT, Heidelberg, Germany). Results: There were 2 males and 1 female with an age range of 16 to 47 years. Visual acuities ranged from 20/160 to 20/25. Fundus was normal or showed minimal foveal abnormalities. Multifocal electroretinography showed reduced central responses amplitude. By OCT, all eyes showed minimal yet definite alteration of outer segment reflectivity; both eyes of one patient had marked foveal thinning. By AO imaging, all eyes showed disseminated hyper and hyporeflectance dots in the foveal area that were 3-5 microns in size, i.e. with a size similar to extrafoveal cones. Conclusions: AO retinal camera is a new useful tool for retinal imaging that facilitates detection and mapping of damage to the cone outer segment mosaic. Patients with occult maculopathy may show abnormal reflectance of foveal cones outer segments. We suggest that this aspect is due to a patchy loss of cones. AO may be useful to investigate patients with unexplained central visual loss. Purpose: To explore the macular cone photoreceptor structure and correlate with the photoreceptor layer in Optical Coherence Tomography (OCT) and a relative conservation of VA in patients with stargard desease Methods: Higth resolution images of the macula were obtained with Adaptive Optics in patients with stargard desease between 12 and 40 years old ,they underwent completed ophthalmic examination including best corrected visual acuity on ETDRS, chart slit lamp ,autofluorecence ,fluorecein angiography (HRA2 Heidelberg ,Germany) ,Spectral Domain Optical Coherence (SD-OCT)and electroretinogram The AO device corrects ocular wavefront aberrations (OWAs)in closed-loop operation at 10Hz,based on a 52-actuator electromagnetic deformable mirror and a 1024 lenslet Shack -Hartmann sensor(Imagine Eyes,France).Each acquisition provides a 20 consecutives images. Ten of them were averaged and digitized to produce an enhanced final image. AO images were then analysed and compared with visual fonction , autofluorescence images and spectral optical coherence tomography scans. Results: Most of AO images revealeted increased cone spacing with irregular packing centrally in macular area and preserved in periphery and near the optic nerve. we distinguished 2 differents aspects .Aspect 1 showed central atrophy area in autofluorecence and this was also associated with disruption or loss of the reflective band at the photoreceptor inner segment and outer segment junction in SD-OCT, correlated with the de loss VA(1/10) and the absence of the overlying typical cone mosaic in AO. Therefore the second aspect showed central atrophy in autofluorecence in young patient with 12 years old, inner retina layer had disappereared on SD-OCT when VA was still fair ( 8/10) and cones mosaic in this area were visualized but abnormally large and spaced from each other Conclusions: As a new technology,AO allows more precision of structural alterations of the retina, here AO has demonstrated that despite loss of RPE, some cones could survive and the interruption of the photoreceptor layer does not correspond to probably to the total loss of photoreceptors. Clinical used of AO will provided more information between ,the presence of photoreceptors in macular desease and to a possible correlation with age and genetics CR: N.M. Massamba, None; B. Lamory, None; E. Souied, None; G. Soubrane, None. Support: None Purpose: To enhance electrophysiological and anatomical studies of retinal and central pathways serving color vision, we undertook to image the cone photoreceptor mosaic of a common marmoset (Callithrix jacchus) during routine electrophysiologyrecording experiments. Methods: We designed and built a compact Adaptive Optics (AO) flood-illuminated ophthalmoscope. The instrument is portable (16.7 kg) and can be transported and attached to an electrophysiology-recording rig. The instrument is optimized for imaging marmoset eyes, with wide field of view (5.2° in diameter) projecting onto a noncooled 2048 x 2048 pixel CCD camera (Megaplus ES4020). Shack-Hartmann aberrometry drives a pupil-conjugate Mirao 52d deformable mirror to correct wavefront error over a 3.2 mm dilated pupil (tropicamide 0.5%). Retinal images from one anaesthetized marmoset were collected at 15 Hz, using 5 ms pulses of light delivered via 400 m of 400 μm optical fiber from a 671 nm multimode diode laser. At the end of the experiment, the animal was overdosed with sodium pentobarbitone then perfused with 4% paraformaldehyde in 0.1M phosphate buffer for 10 min. Eyes were removed, cut open and immersion fixed in the same solution for 20 or 30 min. Retinas were dissected and prepared as whole-mounts. Results: Adaptive optics corrected image quality was sufficient to resolve cone photoreceptors across the horizontal meridian from 13° temporal to 16° nasal retina, including the optic nerve head. Recovered cone density profiles over the measured field are in agreement with established figures from histological data, peaking at 120,000 cones/square mm within 0.5 mm of the fovea and declining to 40,000 cones/ square mm at 13° eccentricity. Conclusions: Cone-resolved retinal imaging using a portable AO ophthalmoscope is a viable adjunct to electrophysiological and anatomical investigations of color vision. CR: P.A. Bedggood, None; P.R. Martin, None; U. Grunert, None; A. Metha, None.
2323-2326
-A573 Marmoset Cone Photoreceptor Imaging Using a Compact Adaptive Optics Ophthalmoscope
Support: ARC Discovery Grant (DP0984649) and the A.E. Rowden White Foundation benevolent bequest
Purpose: Punctate Inner Choroidopathy (PIC) is a rare, presumably inflammatory condition involving the outer retinal layers. Here we sought to evaluate photoreceptor structure in PIC using Spectral Domain Optical Coherence Tomography (SD-OCT) and Adaptive Optics (AO) retinal imaging. Methods: A young myopic female patient was found to have central scotomas, photopsias, and blurred vision. Fundus exam demonstrated punched out lesions, 100-300 microns in size isolated to the posterior pole without evidence of vitritis. Imaging with autofluorescence, fluorescein and indocyanine green angiography further supported the diagnosis of PIC. Over the course of a few weeks, two new lesions were identified clinically and on imaging. One of these lesions developed a choroidal neovascular membrane (CNVM) which was successfully treated with bevacizumab. Scans, at multiple visits, were obtained through the macula using Spectralis SD-OCT (Heidelberg, Heidelberg Germany) as well as Bioptigen SD-OCT (Bioptigen, Raleigh, NC). Additional images in the parafoveal region were obtained with adaptive optics ophthalmoscopy. Results: SD-OCT images of inactive lesions demonstrated irregular thickening of the retinal pigment epithelium (RPE), loss of the overlying photoreceptor inner segment/ outer segment (IS/OS) junction, and disruption of the outer nuclear layer. SD-OCT of active lesions demonstrated disruption with thickening at the level of the RPE and the photoreceptor IS/OS junction with overlying intraretinal cystic changes, resulting in a focal increase in retinal thickness at the area of the lesion. One active lesion developed a CNVM that showed focal elevation of the RPE and retinal thickening with adjacent intraretinal fluid on SD-OCT. These findings resolved after treatment with bevacizumab. In the AO images, normal cone topography was observed in areas surrounding the lesions, however we were unable to resolve cone structure overlying the lesion. Conclusions: The ability to evaluate the pathology of PIC on a structural and cellular level provides the opportunity to monitor disease progression and activity as well as therapeutic response to treatment of CNVMs. CR: S.S. Bhatt, None; J. Rha, None; J. Carroll, None; K. Stepien, None. Support: Research to Prevent Blindness
-A581 Macular Telangiectasia Evaluated by Spectral-Domain Optical Coherence Tomography and Adaptive Optics Imaging
Purpose:Three-dimensional (3-D) histomorphometric reconstructions have been advantageously created in the past to investigate structural changes in the eye due to diseases like glaucomas. Time-consuming manual interaction during the reconstruction, however, makes the process slow and subjective. We propose a framework for fast 3-D reconstruction of histological data sets, with minimal user interaction, making histomorphometric reconstructions feasible for everyday use. Methods:Histological images show many artifacts that have to be treated to ensure a proper reconstruction of tissue morphology. Most notably are inter-slice intensity differences due to inhomogeneities in slice thickness and exposition time during histological staining. Therefore a normalization step is performed using histogram equalization and bias field elimination methods. Afterwards, intensity-driven rigid registration is used to first align the content of the image sequence. In case of large gaps in the data set due to disrupted or missing slices, interpolation is used to restore them. For this we perform a non-rigid registration of the neighboring slices. The resulting deformation field is then partially applied to the reference image to restore the slice image in between. To account for the tissue deformations during sample slicing, the images have to be non-rigidly registered to each other. Finally the images are stacked to a 3-D histomorphometric volume. The approach was tested on several datasets of human and animal eyes, including a dataset of 82 section images of a human optic nerve head. Since acquisition of ground truth data is still an open issue for histological volumes, evaluation was done using visual inspection by experts. Results:The histological images were first improved using image enhancement methods. This also enables subsequent automatic registration and segmentation methods. The severity of the artifacts, however, has a significant effect on the quality of the reconstructed volume. The overall 3-D impression of a histological dataset nevertheless proved to be beneficial. Conclusions:While existing reconstruction and visualization techniques needed on average 1 month to be finished, our framework enables reconstruction in approximately one hour, depending on the resolution. This clearly makes the 3-D reconstruction of histological slices more feasible for everyday use in anatomical laboratories. CR: S. Gaffling, None; M. Scholz, None; M. Eichhorn, None; E. Lütjen-Drecoll, None. Support: None
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-A202 Comparison of Fundus Autofluorescence Between Fundus Camera (Topcon) and Confocal Scanning Laser Ophthalmoscope (HRA) in Various Pathologies
A. Deli, A. Ambresin, I. Mantel. Ophthalmology, University of Lausanne (Jules Gonin Eye Hospital), Lausanne, Switzerland.
Purpose: To investigate the differences between the Fundus Camera (Topcon TRC-50X) and Confocal Scanning Laser Ophthalmoscope (Heidelberg retina angiogram (HRA)) on the fundus autofluorescence (FAF) imaging (resolution and FAF characteristics). Methods: Eighty nine eyes of 46 patients with various retinal diseases underwent FAF imaging with HRA (488nm exciter / 500nm barrier filter) before fluorescein angiography (FFA) and Topcon Fundus Camera (580nm exciter / 695nm barrier filter) before and after FFA. The quality of the FAF images was estimated, compared for their resolution and analysed for the influence of fixation stability and cataracts. Hypo-and hyper-FAF behaviour was analysed for the healthy disc, healthy fovea, and a variety of pathological features. Results: HRA images were found to be of superior quality in 18 eyes, while Topcon images were estimated superior in 21 eyes. No difference was found in 50 eyes. Both poor fixation (p=0.009) and more advanced cataract (p=0.013) were found to strongly increase the likelihood of better image quality by Topcon. Images acquired by Topcon before and after FFA were identical (100%). The healthy disc was usually dark on HRA (71%), but showed mild autofluorescence on Topcon (88%). The healthy fovea showed in 100% Hypo-FAF on HRA, while Topcon showed in 52% Iso-FAF, in 43% mild Hypo-FAF, and in 5% Hypo-FAF as on HRA. No difference of FAF was found for geographic atrophy, pigment changes, and drusen, although Topcon images were often more detailed. Hyper-FAF due to exudation showed better on HRA. Pigment epithelium detachment showed identical FAF behaviour on the border, but reduced FAF with Topcon in the center. Cystic edema was visible only on HRA in a petaloid pattern. Hard exsudates caused Hypo-FAF only on HRA, hardly visible on Topcon. Blocage phenomenon by blood however was identical. Conclusions: The filter set of Topcon and the single image acquisition appear to be an advantage for patients with cataract or poor fixation. Preceding FFA does not alter the Topcon FAF image. Regarding the FAF behaviour, there are differences between the two systems which need to be taken into account when interpreting the images. CR: A. Deli, None; A. Ambresin, None; I. Mantel, None.
Support: None
Purpose: To evaluate macular thickness, agreement and intraclass repeatability in three Optical Coherence Tomography (OCT) systems: the time domain (TD) Stratus™ OCT, and two spectral domain (SD) OCTs, Spectralis™ and Cirrus™ in eyes with retinal vein occlusion (RVO). Methods: Thirty five eyes with Retinal Vein Occlusion (15 (42.86%) eyes with central and 20 (57.14%) with branch vein occlusion) were scanned with all three OCT machines in a single visit by a single operator between March to November 2009. Macular thickness measurements of nine standard subfields were analyzed. Agreement in macular measurements was assessed by constructing Bland-Altman plots. Intraclass repeatability was assessed by Intraclass correlation coefficients (ICCs). Results: Both Cirrus SD-OCT and Spectralis OCT systems showed a higher mean macular thickness in nine retinal subfields compared to the Stratus™. The difference was significant in some of the nine subfields. Comparison between the two SD OCTs, only the central subfield thickness was significantly higher in Spectralis OCT system than in Cirrus SD-OCT (mean difference of 25.93 μm, 95% Confidence Interval (CI); 10.80, 41.01). In addition, there was no significant difference in 8 peripheral fields between these two systems. Based on the Bland-Altman plots for central macular thickness, there was low agreement between the measurements of Cirrus SD-OCT and Stratus OCT, as well as between Spectralis OCT and Stratus OCT (95% limits of agreement were between -147 and 264 μm for former comparison and between -211 and 386 μm for latter one). The 95% limits of agreement for the same measurement between Cirrus SD-OCT and Spectralis™ OCT ranged from -57 to 18 μm. All three systems demonstrated high intraclass repeatability with ICC of 0.80 (95% CI; 0.64, 0.89) for Cirrus SD-OCT, 0.92 (95% CI; 0.84, 0.96) for Spectralis OCT and 0.97 (95% CI; 0.94, 0.99) for Stratus OCT. Purpose: To report a novel association of reticular pseudodrusen and adult vitelliform detachment and evaluate the clinical findings of these patients using multi-modal imaging. Methods: A retrospective review was done of five cases of adult vitelliform detachment secondary to reticular pseudodrusen. Clinical examination, color and red-free fundus photography, fundus autofluorescence (FAF) and spectral domain optical coherence tomography (SD-OCT) data were retrospectively reviewed for the five patients. Reticular pseudodrusen were observed to be subretinal drusenoid deposits above the level of the retinal pigment epithelium (RPE) with a predeliction for the superior paramacula. Adult vitelliform detachments were hyperautofluorescent accumulations of vitelliform material in the subretinal space between the IS/OS junction and RPE. The time interval for follow-up examination varied from three to twenty one months. Results: Five patients with this distinct subretinal drusenoid pattern were found to have an accumulation of vitelliform material in the subretinal space. All five patients maintained stable visual acuity over the follow-up interval. These patients all had preservation of the junction of the inner and outer photoreceptor segments (IS/OS) and external limiting membrane (ELM). There was no associated outer nuclear layer (ONL) thinning observed in these patients.
Conclusions:
We utilized multi-modal imaging to document the novel finding of adult vitelliform detachment associated with subretinal drusenoid deposits commonly referred to as reticular pseudodrusen in five patients. These subretinal deposits may be mistaken for basal laminar cuticular drusen but can be easily distinguished with multi-modal imaging. Multi-modal imaging served as an essential adjunct to clinical examination in the diagnosis and follow-up of patients with adult vitelliform detachment and reticular pseudodrusen. All patients with this new finding maintained stable visual outcomes over the follow up period without any therapeutic intervention. CR: K. Laud, None; S.A. Zweifel, None; R.F. Spaide, None. Support: None
-A214 Spectral-Domain Optical Coherence Tomography and Fundus Autofluorescence Findings in Patients With Pattern Dystrophy
R. Cappelli, K.V. Chalam, S. Grover. Ophthalmology, University of Florida, Jacksonville, FL.
Purpose: Pattern macular dystrophy is a group of rare inherited retinal diseases in which there is abnormal accumulation of lipofuscin-like material at the level of retinal pigment epithelium (RPE). There is a wide spectrum of macular findings described in literature ranging from flecks to a more typical butterfly-shaped lesion. There are isolated reports in literature describing histopathological findings in such patients. The advent of spectral-domain optical coherence tomography (SD-OCT) has enhanced our understanding of retinal diseases. The present study describes the OCT and fundus autofluorescence (FAF) features in patients with pattern dystrophy to possibly provide more insight into the pathophysiology of this disease. Methods: Ten eyes of five patients clinically diagnosed with pattern macular dystrophy were included in the study. Their ages ranged from 43 to 81 years and there were three men and two women in the cohort. All patients underwent a complete ophthalmological examination including Snellen visual acuity and color vision testing. Color fundus photography, SD-OCT, FAF and infra-red (IR) imaging were performed on all patients. Fluorescein angiography, microperimetry (MP-1) and electrophysiological testing were performed, wherever appropriate. Results: The Snellen visual acuity in the five patients with pattern dystrophy ranged from 20/20 to 20/70. The clinical features ranged from yellowish flecks in the macular area to pigmented lesions in all patients with some showing patches of atrophy. SD-OCT showed localized areas of RPE changes corresponding to the yellowish lesions with an intact photoreceptor layer. There were areas of hyperautofluorescence on FAF corresponding to areas of lipofuscin-like deposits and hypoautofluorescence in areas of RPE atrophy. Retinal function, as measured by visual acuity and MP-1 correlated well with the presence of normal photoreceptor layer. Discussion: The characteristic changes in patients with pattern dystrophy, as defined by the evolving technology of SD-OCT and FAF and the retinal functional correlation help us to better understand the pathophysiological mechanisms involved in the disease. Future studies evaluating long-term follow-up of these patients will help to better define the course of the disease. CR: R. Cappelli, None; K.V. Chalam, None; S. Grover, None. Support: None
